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(54) Sunload sensor for automotive vehicles 

(57) A dual-channel sunload sensor capable of 
sensing the intensity and directionality of the solar radi- 
ative power entering the cabin of a car through the wind- 
shield, for the purpose of providing information to the 
data processing system of the car that enables a control 
of the air conditioning system that optimizes the comfort 
of the driver and of the front passenger. Signals from the 



sensor offer reliable indications of the solar load power 
and directionality for a wide range of angular positions 
of the sun. The sensor includes two convex transparent 
parts collecting light each toward a respective photodi- 
ode, the transparent parts being separated by an 
opaque portion. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to an apparatus 5 
to measure the solar radiative power that penetrates in- 
side the cabin of a car through the windshield, and the 
predominant direction from which this radiative power 
load is coming, for the purpose of controlling the air con- 
ditioning of the car in a manner that maximizes the com- 10 
fort of the passengers. 

BACKGROUND OF THE INVENTION 

[0002] Currently sun load sensors, either si ngle- or du- 15 
al-channel, are commercially available. Most are opto- 
electronic devices and use a silicon photodiode as a 
sensing element. A number of vehicle manufacturers 
have integrated into their products dual-channel sun- 
load sensors in an attempt to provide improved temper- 20 
ature stability in the cabin, and comfort to the passen- 
gers. Dual-channel sunload sensors must provide not 
only a measurement of the total solar heat load entering 
the car through the windshield, but also an indication of 
which side of the car, the driver side or the passenger 25 
side, is subjected to more or less heat, so that cool air 
from the air conditioning system be preferentially distrib- 
uted on the side that requires more. 
[0003] Present dual-channel sensors do not however 
fully respond to the need that they at once provide a 30 
measurement of the total heat load entering the cabin, 
and of the relative distribution of this radiative heat load 
on the driver and on the passenger, especially when the 
sun is at an angular position that is low with respect to 
the horizontal plane of the vehicle. Typically, when the 35 
sun is low, the total heat load is under-estimated, and 
the comparative signal of the two channels becomes an 
unreliable indicator of the relative fractions of the heat 
load that are affecting the two sides of the cabin. 
[0004] In addition, some present dual-channel sen- 40 
sors require the presence of sensing elements that are 
mounted at some angle from one another, a feature that 
renders their fabrication more complex and costly. 

SUMMARY OF THE INVENTION 45 

[0005] It is a primary object of this invention to provide 
a dual-channel sunload sensor capable of generating 
output signals that are reliable indicators of the total so- 
lar heat load entering a vehicle through the windshield, so 
and of the relative fractions of the radiative heat loads 
that are perceived by the driver and by the passenger, 
for almost all angular positions of the sun. in accordance 
with the invention, this object is achieved with a dual 
sunload sensor to sense the intensity and directionality 55 
of solar radiative power entering the cabin of a vehicle 
through a windshield, said sensor comprising: 



a housing; 

a substrate bearing two light sensitive semiconduc- 
tor elements thereon housed in said housing; 
two lenses, one lens being located above a light 
sensitive semiconductor element, the other lens be- 
ing located over the other light sensitive semicon- 
ductor element; and 

an optically opaque wall separating the two lenses. 

[0006] The geometry of the sensor is such that it can 
be constructed economically, as the sensing elements 
of the two channels rest in the same plane. The output 
signals from the sensor can be used to control the tem- 
perature and distribution of cool air in cars equipped with 
an air conditioning unit. 

DESCRIPTION OF THE DRAWINGS 

[0007] This and other advantages of the invention will 
become apparent from a reading of the following de- 
tailed description made with reference to the following 
drawings in which: 

Figure 1 is an exploded view of a sunload sensor 
according to a preferred embodiment of the inven- 
tion. 

Figure 2 is a cutout view showing the internal 
opaque wall between the clear areas of the housing 
of the sensor of Fig. 1. 

Figure 3 is an external view of the sunload sensor 
of Fig. 1 . 

Figu re 4 is a top view of the sunload sensor of Fig . 1 . 

Figure 5 is a diagonal cutout view of the sensor of 
Fig. 1 showing the internal shapes of the transpar- 
ent, diffusive and opaque sections of the plastic 
housing, in a plane whose position is shown in fig- 
ure 4. 

Figure 6 is the same diagonal cutout view of Fig. 5 
showing an alternative embodiment where the dif- 
fusive part of the optics has its outer edges exposed 
directly to light coming from the outside of the sen- 
sor. 

Figure 7 is a circuit diagram of a preferred embod- 
iment of the invention, where the signal conditioning 
electronics is entirely passive. 

Figure 8 is a circuit diagram of an alternative em- 
bodiment of the invention, where the signal condi- 
tioning electronic circuit is an active circuit compris- 
ing amplifiers. 

Figure 9 is a block diagram that illustrates how the 



EP 1 262 747 A2 



10 



sensor related to the data processing and I the H VAC 
system of the vehicle. The dashed line indicates the 
boundary of the sensor itself. 

Fiaures 1 0a 10b and 10c are schematic represen- 
ts ofthe paths the light travels towards a pho- 
olde according to a preferred embodiment of he 

Invention, when no ^^^^SX 
sun is hiqh above horizon (Fig. 10a), moderately 
h^h above the horizon (Fig. 10b) and low on the 
horizon (Fig. 10c). 

Fiaures 11a and 11b are schematic representations 
oSh piths the light travels towards a photodiode 
according to another preferred embodiment of the 
"vention when a diffuser is present at the , base of 
the lens, when the sun is high above horizon (Fig. 
11a) and low on the horizon (Fig. 11b). 

Figure 1 2 illustrates a typical angular response for 
the driver-side channel, when a thjn diffuser is 
oresent at the base of the lens, rts edges not ex- 
P p r ied to externa, sunlight (dashed i line) and when 
a thicker diffuser is present, its edges directly ex 
posed to external sunlight (solid line). 

Fiqure 1 3 illustrates thatthe optical axes of the lens- 
efa e aligned along the diagonals of virtual cubes 
resting on the sensing elements, according to a pre- 
ferred embodiment of the invention. 

OET7VILEDJDESCJW 
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[0 008] Referring now to the to lowing Figures, the 
nresent invention concerns a sunload sensor 10. The 
sensor 10 consists of the following basic component^ 
A flat substrate 1 commonly used (or the manufecture 
i «nic circuits, either a printed circuit boa* made 
of composite material, or a ceramic material, bears ; c r 
cuit metallization (not shown) printed on the substrate 
by typS I methods known in the art. Two silicon phtfo- 
Ide P chi P s 2 are mounted on this substrate .circuit, to 
«prv e as sensing elements for solar radiation. 
SS5T It sS be understood that, optionally, other 
Enic components can be mounted I on the same 
subs rate to taHor the signal of the photodiodes 2 to the 
spec ic requirements o. the electrical circuitry used in a 
pa* iar vehicle mode,; such electronic components 
may particularly include capacitors, amplifiers and re 
S« including the printed thickfilm version of the at 
Z cTrcuit diagrams for two alternative versions of such 
oondSToning electronics are shown in Figures 7 and I* 
Roure 7 shows a circuit that is entirely passive, where 
each of the photodiodes 2 is accompanied by appropri- 
ate resistors both in parallel and ,n series. The output of 
the circuit is at the top of the Figure. The pass.ve com 
ponents can be thick film resistors that can b laser 
irimmed to precisely balance the output from the two 



^oT— W I ngure S shows an active circuit 

Kdlgop-ampsforconditioningthesi^ 

ever be appreciated that any appropriate circuit w 

meet the objects of the present invention. . 

TO0111 An electrical interface links the sensor 0 .n- 

that electrical signals provided by the two pn 
sensing elements 2, and suitably <*"*™£*£ 
electronics comprised in the sensor 1 0 we ™ de ^ 
aratelv available to the external circuitry of the ^vehic e 
^esL^es how these signals relate , tc » be da a 

^SrJZ^*^ indeed'each = t 
It of vehicle, will have proprietary 
control the heating, ventilating and * "^SSS- 
tem of the vehicle, and that appropnate interlace xtort 
ry is required to properly interface with the externa, or 
cuitrv However, such a design is within the skill of a per 
son^sed in this field, and beyond the scope £ • ** 
presentinvention.Thepresentinventiondea^ 

, ti „ n fnr oroDerlv discriminating between driver sioe 
a rp«r"I reception o. solar radiation by opt, 
"Jy isolating the respective photodiodes and advan- 
tageously, with being able to measure rad.at.on 
thru inh the sun is low on the horizon. 
OOlS The circuit and photodiodes are mounted ,n a 
So 20 The housing comprises two distinct trans- 

na^Tareas 3 o n its top part, held and separated by an 
parent areas J on i w h have exte rnal 

convex' sCe be^in Fig. 1) that collect solar 
JaSe power by refracting light coming from one side 
oft o Ine bisecting the sensor 10 to a respective sens- 

2- An aspect of the shape of the trans- 
mg pnuiuu. received is guided and col- 

tne angular position of the sun on the horizon. Stated 
Serently tb" transparent areas act as a beam deflec- 
?I; loVhat even if the sun is a few degrees above nor - 
zon he near totaiity of the light will reach the photo , _ 
ode This requires optics that are within the skill of a per- 
son ex ert in this field, and schematic repres—s 
n°L oath followed by the light are shown .n F.gs. 10a. 
Cand Oc n Fig. 10a, the sun is high above horizon. . 
whereas m Fig. 10b. the sun is moderately high above 
The Son and in Fig. 1 0c, the sun is low on the hoflton. 
0013 In a preferred embodiment of the invention the 
[0013J in a vie ou ides liaht to the driver- 

driver-side transparent area 3 guides i.gni 
side photodiode 2, and the passenger side ^transparent 
area 3 guides light to the passenger side photodiode 2 < 
Oprionaiy the transfer of light from the convex shaped 
Snsoarent areas 3 to the photodiodes 2 can be im- 
proved by *e introduction between them of a piece of 
clear plastic having the shape o. a truncated cylinder 5, 
better shown in Figs.1 and 2. 

Si] In a preferred embodiment of the invention the 
oprical axes ot the transparent areas 3 are incl.ned ,n a 
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opaque parts can be adjusted to 
versus sun-angular-position relationship ^2 

embS^r 8 ^ ^ Shapes ° f the - Pans in one 
ransparent plastic parts with external «™!?2£I? 

SSSSSSS^r by the — SS2 

pa S oflr? 11 f 3 ^ i,,U " trate ^-ataTl 
sun whl? J" W ° dWerent an 9 ular P«"«ons of the 
sun when such a diffuser is present. Figure 12 i„ us 
trales the resulting relative output signal of the drivar 

sun" " fUnCti ° n ° f *• P -i on o the' 

siste IS" ° " 9ht dWUSiVe material P-ferably con 

are aspersed, the density and dimensional distribution 
of grams being selected so as to optimize the RaW °h 
scattering of .ight. The dashed curve on R ^£ 
trates how the output of the driver-side channel o h . 
sensor varies with the angu.ar azimutha, posl of he 

ula/emboH 6 °* ^ *> r pa*ic 

uiar embodiment of the invention 

[0017] Also optjona||y thfe 

can be shaped and .ocated so that its outer edges are 

SZ^ incomin9 solar radiatio ^ -Sss 

reach the f Pr ° VideS 3 SeCOnd P ath f °' "fl* to 

part thrLl 08 I 9 £" ^ 6ither by the COn ve * £*- 
sen^inn ^ US ' Ve Part and eventually to the 

sensing element, or directly by the edge of the diffus ve 
part through the diffusive part and tothe sensing <Z 

signal of the apparatus in a manner that may be advan 

sss^sr ap ? ications ' such as t 

ovv b ,t n °" tpUt ° f 8 channel ™™ at some 

SThe sun -s ?aTo T 6 9Ven Wh6n ,hS anaular P° si ^ 
°LL 1 3 °" the Slde of tne se "sor opposite that 
corresponding to said channel. The solid curTo n £ g 

net ofti h ° W ° Utm ° f the driver -^ cS 

sit n r" 63 ^ the an9Ular a *™thal Po- 

fo thi « i? ' ° r ° ne Va ' Ue 0f the eleva «on angle 
00 ? 3t,Ve emb0diment of the invention. ° ' 

[0018] In ,ts automotive application, the sensor 10 is 

Tder tK a :t hiC ' e ' 9enera " y 0n ,he ^ "card and 

o £ 2 T dShie ' d ' S ° that the line J"*** the centers 
of the two photodiode sensing elements is approximate 

eu me surfaces of the sensing elements ar* 

srs? e,y para,,e ' to the surface °- which": j: 

K It ° Perati ° n ' the S6nSOr 1 0 is ex P° s ^ to sun- 
light that penetrates the vehicie through the windshield. 



mldtan p,ane of r Cto " t0 ,he of the 

To insoal ^ mt ° th6 SkV ' the n 9 ht strik <* the 
oTe and Z T ^ ^ at the same "*»«ve an- 
5 fin J , amS amount of "9"' is brought to the two 

eoua, ff SIT" 18 - ^ 6lectriCal are thi 

oiZ , h V m ° VeS t0 ° ne side of »e longitudina" 
P ane, the shape of the transparent optical areas Tnd 

sign 6 , r m q ? h Wa " that SSparates thenl h suc'h att e 
» S w ere 2 STS e '?! nt —Ponding to the 
constant wh^pth f*^ remains a PP r oximat e |y 

menfC f near zero' nT ° PP ° Site S6nSina e,e 
of the hinhl nf t! fc hlS manne rthe amplitude 

^eliSS ? ° ° UtpUt Si9nals P rovides ameas- 
'5 o the II S °' ar radiative power - whi 'o the ratio of 
or the difference between, the two output signals oro 

.rsi;e f r at r astowhetherthes - ia ^ 

vehide 00 r ' 9ht Side ° f the media " P'-e of the 

» So ente 6 the 0 ; 3 ' imp,ementation «™ V* is al- 
owea to enter the apparatus also through the edoe of 

adiff u S ,v e p,astic piece located at the base of ITtens 
parent convex plastic parts, the signa. does not d oTa, 
the w a to zero when the sun ^ dro P a » 

[0021] , The mvention presents many advantages 
over prior art. It provides signals that are betted suS 
to the control of the air conditioning of a ca"so 
Provide optimum comfort to both the driver an Z fron 

- tha a ? s ToTe 9 r ,t , Can bS -nufacured economic 
™ s t0 tne simplicity of its geometry 
[0022] Its output signals provide direct and seoer^ 
-nformation on the level of solar power entering the car 

Sfaro/Jh 6 direCti ° n ° f Sky f ^ WSJ 
coming, and of the part of the <?i™ in t./K^u + u 

35 ^ifk L SKy ,n wh,c h the sun is 

dinfp anl o h" r 9 tLI* n ' 9ht ° f ^ l0naitU " 
proAcontro^" 
■unload value indicating the overall degree o f a ir conoi 
tioning needed, and the general angular position of tte 
« sun indicating whether the cold air shoul bo prefenln 
2 directed at the driver side or at the passeng IS " 
[0023] Whereas other such apparatus provide this 
type o, ang U ,ar discrimination of the sun posTn by 
mg two photodiode sensing elements mounted at an an 

d 9e ei::r v ; a r e r sensoro,thepre ^^ 

aoes so by inclining the optical axes of the clear convex 
Plastic parts of the housing i nstead . Tnjs aHow ™Z * 
economical fabrication of the sensing circuit ZceZ 
the elements, including the two photodiodes can b! 
« mounted on a single flat substrate 

[0024] Whereas still other apparatus provide some 

of two photodiode sensing elements mounted in the 
same plane, by the method of diffusing light through an 

ria P , P Z nately Sh3Ped ° Pa,eSCent P iece o?p, as -o ma! 
col', to e t aPPar f tUS deSCnbed herein maintains a near 

cTos S e ta o n thfh 3 ° UtPUt Wh6n thS SU " C0mes 
close to the horizon, ,n contrast with those other appa 
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ratus whose output signal typically drops significantly 
when the sun approaches the horizon by less than 20 
degrees. 

[0025] The concept of the present invention is such 
that the geometrical parameters of the clear optical re- 
gions, and of the optional diffusive areas, and of the 
opaque region that separates them, can be modified to 
adjustthe manner in which the output per channel varies 
with the angular position of the sun, enabling the sensor 
to meet specific application requirements. 
[0026] In one preferred embodiment of the invention, 
the circuit is mounted on a ceramic substrate and incor- 
porates thick film resistors that can be trimmed by a la- 
ser beam so as to insure that the level of signal is equal 
from the two sensing elements when the sun is located 
in the longitudinal plane of the vehicle, and is also the 
same from one sensor to another for the same level of 
solar power, in spite of the variation in the intrinsic sen- 
sitivity of the photodiodes from chip to chip. 
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The sensor of claim 1 , wherein passive electronic 
components are mounted on the substrate along 
with the sensing elements, for adjusting the electri- 
cal output of the sensor. 

The sensor of claim 1 , wherein active electronic 
components are mounted on the substrate along 
with the sensing elements and passive electronic 
components, for the purpose of amplifying and ad- 
justing the electrical output of the sensor 

The sensor of claim 1 , wherein each lens has an 
optical axis inclined in a direction substantially cor- 
responding to the diagonals of cubes resting in the 
plane of the sensing elements. 
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Claims 

1 . A dual sunload sensor to sense the intensity and 
directionality of solar radiative power entering the 
cabin of a vehicle through a windshield, said sensor 
comprising: 

a housing; 

a substrate bearing two light sensitive semicon- 
ductor elements thereon housed in said hous- 
ing; 

two lenses, one lens being located above a light 
sensitive semiconductor element, the other 
lens being located over the other light sensitive 
semiconductor element; and 
an optically opaque wall located separating the 
two lenses. 

2. The sensor of claim 1 wherein said sensor further <*o 
includes a light guide in the shape of a truncated 
cylinder between the base of each lens and the cor- 
responding sensing element. 

3. The sensor of claim 1 wherein a layer of light diffu- 
sive material is added to the base of the lens. 

4. The sensor of claim 3, wherein the layer of light dif- 
fusive material consists of clear polymer in which 
grains of titanium dioxide are dispersed. 

5. The sensor of claim 3, wherein the layer of light dif- 
fusive material has its edges at least partially ex- 
posed directly to incoming solar light. 

6. The sensor of claim 1 , wherein the sensing ele- 
ments are silicon photodiodes. 
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Figure 1 



Figure 2 



6 



EP 1 262 747 A2 




Figure 3 
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Figure 7 
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